Aim. Optimization of culture conditions of the probiotic strain
Materials and Methods
The object of the study was active strain Lactobacillus acidophilus 55, isolated from human intestine. Cultivation of the strain was carried out on MRS medium at 37 °C.
To determine the tolerance to lactic acid bacteria to Se 4+ , overnight culture of the test strain has been cultured in 50 ml vials, on MRS medium supplemented with sodium selenite (Na 2 SeO 3 ). Na 2 SeO 3 solution in sterile distilled water was added to the sterile culture medium to the final concentration of sodium selenite 1; 2; 3; 4; 6; 8; 20; 26 mg/l [4, 5] .
Input data to determine the optimal parameters of growth was determined by cultivating the lactobacilli in 200 ml flasks containing 50 ml of MRS, supplemented with sodium selenite at final concentration 1; 8 or 16 mg/l in the medium. The medium was inoculated with 18-hour culture of lactobacilli grown in MRS and standardized to 1.5×10
8 CFU/ml. The inoculum was added into the flasks with the medium in the amount of 3, 5 or 8%. The results have been processed by counting the colony forming units (CFU) of Lactobacillus grown on solid MRS medium after 48 hours of growth.
Dependence of the concentration of viable cells L. acidophilus 55 (Y) from the concentration of sodium selenite in the culture medium (X 1 ), inoculum size (X 2 ) and fermentation time (X 3 ) was assessed using regression analysis methods in the theory of experiment planning on Box-Behnken [10] . This approach allows in the frame of the same model to estimate the linear and quadratic effects of influence of factors (Х 1 , Х 2 and Х 3 ) on optimization index (Y) and express it as a regression equation:
The statistical data processing (calculation of the regression coefficients, regression analysis of variance ANOVA and the construction of response surfaces) was conducted by using the program Statistica 6.0 (StatSoft Ink., 2002). The obtained coefficients were considered as statistically significant at р≤0.05.
Results and Discussions
At the beginning of the study the ability of the strain Lactobacillus acidophilus 55 to grow on the medium containing various concentrations of selenite ions has been determined. The ability to accumulate biomass and active acidity of the medium at the end of cultivation were the main parameters characterizing the tolerance of lactobacilli to Se 4+. . The evaluation of the influence of sodium selenite in a wide concentration range (1-26 mg/l) on the gowth of the culture showed that the presence of sodium selenite in the medium at concentrations of 1, 4, 6 and 8 mg/l does not significantly affect the growth of the culture. At the concentrations of 2 and 3 mg/l weaker stimulating effect was observed (Fig. 1) , while higher concentrations (20 and 26 mg/l) inhibited the accumulation of lactic acid bacteria biomass. The intensity of acid formation by culture of L. acidophilus 55 decreased in the presence of sodium selenite at the concentrations of 20 and 26 mg/l and after 24 hours of growth the pH of the culture medium was detected within 4.0-4.5 (Fig. 2) . For other concentrations of sodium selenite studied pH of the culture medium was reduced to 3.5. Thus, the concentrations of selenium 20 and 26 mg/l were excluded from further analysis because they suppressed the growth of lactic acid bacteria and acid production.
In the further investigation in silico optimization of the parameters of cultivation of L. acidophilus 55 in the presence of various concentrations of sodium selenite (1-16 mg/l) was carried out. The investigations were carried out on Box-Behnken ( Table 1 ). The design of experiment, as well as the variants of factor combinations and the results obtained are shown in Table 2 . The level of significance of the effects (linear, quadratic and interaction effects) was determined by the analysis of variance (ANOVA), which showed that each of the optimization factors studied (concentration of sodium selenite (X 1 ), inoculum size (X 2 ) and the fermentation time (X 3 ) ) had significant (p ≤ 0,05) influence on the concentration of viable cells of lactic acid bacteria (Table 3) . Table 3 Results of ANOVA of depending of CFU of Lactobacillus acidophilus 55 from the factors and their interaction *** For visual assessment of the effects of ANOVA the Pareto chart, on which the effects are located according to absolute value descending has been shown in Fig. 3 . This diagram shows that the linear effect of the amount of inoculum has the highest reliable influence, and the quadratic effect of concentration of sodium selenite has the lowest reliable influence.
During the analysis of raw data the regression equation has ben obtained, which has the form of a quadratic polynomial of the second order, taking into account only statistically significant effects: 
Fig. 3. Optimization factors influence on the concentration of viable cell Lactobacillus acidophilus 55
According to the resulting model contributed amount of inoculum was the most important factor (F = 146.9, p ≤ 0.01), with the increase of which the concentration of viable cells of lactobacilli should decrease linearly. Likewise, increase of the concentration of sodium selenite, with constant other factors, should reduce the concentration of viable cells. At the same time, the coordinated increase in both factors will lead to the increase in the concentration of viable cells, which clearly indicate the need to maintain the balance between the concentration of inoculum and sodium selenite in the culture medium. Probably, such need arises from the fact that a large number of inoculum contributes to the rapid acidification of the culture medium, which leads to the destruction of bacteria. At the same time the positive effect of the interaction between these two factors can be explained by the decrease of toxic effects of inorganic selenium by lowering its concentration in the medium in terms of one CFU of lactobacilli at inoculation of large amounts of inoculum.
According to the response surface of concentration of viable cells of culture L. acidophilus 55 (Fig. 4) , sodium selenite itself has a certain effect, inhibiting the growth of lactobacilli and the maximum concentration of viable cells will be achieved in the absence of sodium selenite in the culture medium. However, if the culture medium still contains sodium selenite, to obtain the maximum concentration of viable cells strict concentration ratio "sodium selenite concentration: inoculum: cultivation time" is needed. Assessing the effect of the concentration of the inoculum and sodium selenite on the concentration of viable cells, the cultivation time was an important factor (F = 57.8, p ≤ 0.02) as well, indicating that the greatest effect on the interaction of factors studied is achieved after brief cultivation (6-18 h), and after definite time period (after 18 h), the concentration of viable cells will decline sharply (Fig. 5) . The optimal design values for the studied factors were: sodium selenite 8.3 mg/l at 5.3% inoculum at 18 h of cultivation (Fig. 6) . Deviations from the calculated data invariably leads to reduction in the titer of viable cells. To confirm the calculated data, concentrations of viable cell of L. acidophilus 55 at cultivation in the medium with 4, 8 and 64 mg/l of sodium selenite at 5% inoculum within 18 hours (Fig. 7) has been determined. It is shown that in the presence of 8 mg/l sodium selenite concentration of viable cells of L. acidophilus 55 is 17% higher than when cultivated with 64 mg/l but 4% lower than in the medium without selenite. These results confirm the results of a visual analysis of the response surface of concentration of viable cells of Lactobacillus acidophilus 55 (Fig. 4)   Fig.7 
